Summary. The response of Gastric Inhibitory Polypeptide (GIP) and insulin to a 50 g oral glucose tolerance test (OGIT) and an intravenous glucose infusion (IVGI), which copied the changes in plasma glucose concentrations during the OGT-I', were measured in 10 patients with duodenal ulcer and in 10 healthy control subjects. The mean responses of GIP and insulin to OGTT were significantly increased in the ulcer patients. During IVGI the responses were normal. The degree of increased GIP response in the patients was positively correlated with the plasma glucose increase during the OGTF. It is postulated that the increased GIP secretion is related to a faster glucose absorption due to rapid gastric emptying in duodenal ulcer patients. No correlation was found between basal and peak gastric acid output and the GIP response in the patients. The data demonstrate that GIP secretion is not defective in duodenal ulcer patients.
GIP as an incretin in man. Matched oral and intravenous glucose loads were given to normal subjects and patients with duodenal ulcer. The glucose, insulin and GIP responses to the loads were measured and related to the subjects' clinical status.
Material and Methods

a. Subjects
The patients studied were 5 females and 5 males admitted to hospital because of symptoms of persistent dyspepsia. All had radiological and endoscopic evidence of duodenal ulceration. None had a family history of diabetes mellitus. Clinical data are shown in Table 1 . Mean weight was 66 kg; three patients were 18, 19 and 23 per cent below and two were 18 and 30 per cent above while the rest were within 10 per cent of their ideal body weight [91. The control group comprised three male and 7 female healthy, normal volunteers. All were within 10 per cent of ideal body weight. None had a family history of diabetes mellitus or duodenal ulcer disease.
Gastric Inhibitory Polypeptide (GIP) is released from the proximal small intestine [1] in response to oral or intraduodenal loads of glucose [2, 3] , amino acids [4] and triglycerides [5, 6] . Administration of exogenous GIP, in amounts sufficient to increase circulating plasma GIP levels to those found after the above stimuli, inhibits histamine-stimulated acid secretion in dogs [7] and stimulates glucose induced insulin release [8] .
The present study was carried out in order to measure the variation of endogenous GIP in duodenal ulcer disease and to evaluate the role of
b. Experimental Procedure
Oral Glucose Tolerance Test (OGTT): All subjects were on a diet containing at least 250 g carbohydrate per day three days before the investigation. The tests began between 8:00 and 9:00 a.m. after 10 h of fasting and non-smoking. The subjects were supine during the tests. Fifty g of glucose was given in 200 ml water flavoured with lemon. Blood samples were drawn from an antecubital vein 10 and 5 rain before the glucose loading and 0, 5, 10, 20, 30, 40, 50, 60, 90, 120, 150 and 180 min after loading. Samples were collected in dry tubes and tubes on ice containing ammonium heparin and aprotinin (0.7 mg and 500 KIE/ml blood respectively). Aliquots of serum and plasma were stored at -20 ~ until assayed.
Intravenous Glucose Infusion (IVGI):
Three days to one week after the oral test each subject received an intravenous glucose infusion designed to mimic the plasma glucose curve obtained during the OGTT. Fifty per cent glucose (w/v) was infused into an antecubital vein and blood samples were drawn from the contralateral vein at the same time intervals as in the OGTT. Blood glucose concentrations during the IVGI were frequently controlled by means of the Dextrostix-Eyetone system (Miles Laboratories Inc., Elkhart, Indiana [10]), and adjusted to the plasma glucose concentrations found during the OGTT by varying the infusion speed.
Gastric Secretory Function: Gastric acid secretion
was measured in all patients except one [11] . Basal acid output (BAO) and peak acid output (PAO) were expressed as milliequivalents of free acid in the first hour prior to the stimulation and in the peak 30-min secretory response.
c. Laboratory Analysis
Plasma glucose concentrations were determined by the glucose oxidase method on a Beckman glucose analyser. Serum insulin concentrations were measured in duplicate. The insulin antiserum used bound proinsutin and insulin with equimolar potency. Tracer, x2SI-labelled porcine insulin and standard, human monocomponent insulin, were obtained from the Novo Research Institute, Denmark. Separation was performed with charcoal; a separation blank without antibody was used to adjust the results. The assay working range was 3-200 ~tU/ml; detection limit was 2 ~tU/ml. Between assay reproducibility was tested during 11 assays covering a period of four months. 1 SD was 3.7 ~tU/ml at 52 ~tU/ml and 1.8 ~tU/ml at 7 ~tU/ml. Measurements of insulin in sera with added insulin and in dilutions of sera yielded results which deviated less than five per cent from the expected values. Immunoreactive GIP was measured by the method of Moody and Lauritsen [12] . Anti-GIP sera were raised in five rabbits against crude GIP prepared from 20% PCCK kindly donated by V. Mutt, Stockholm. One rabbit, R 65, yielded an antiserum with sufficient sensitivity and specificity for use in an assay for plasma GIP. Freeze-dried standards containing 100 ng GIP per vial were prepared from purified porcine GIP obtained from J. C. Brown, Vancouver. A fresh standard curve was prepared for each assay. The radioimmunoassay was carried out as follows: 30 ~tl of plasma + 270 ~tl of phosphate buffer containing 6% albumin or 200 ~tl standard GIP solution in 6% albumin buffer (from 0 to 1000 pg/ml) were incubated for 24 h with 200 ~tl of R 65 diluted 1 : 5000. 200 ~tl 125I-labelled GIP (specific activity approximately 100 ~tCi/gg, concentration 400 pg/ml) were added and the incubation continued for a further 24 h. The free and antibody bound 12SI-labelled GIP were separated by addition of 1.8 ml alcohol, followed by centrifugation. The alcohol supernatant -representing the free a25I-labelled GIP -was decanted into clean tubes and the 12sI counted. The minimum detectable standard was 25 pg/ml (or 5 pg/tube). No cross reactivity (immuno GIP less than 100 pg/~tg) was found with natural porcine VIP and secretin, donated by V. Mutt, glucagon (Novo) and porcine gut GLI [13] . A single batch of purified PCCK donated by V. Mutt contained 2 ng GIP/gg. Gel filtration of post-absorptive plasma separated the plasma IR-GIP into a small amount eluting in the void volume of Sephadex-G50, a main peak which eluted in the same position as lz5I-GIP and porcine GIP added to human plasma and some minor fractions eluting behind the main peak.
Repeated assays of a fasted and a post oral glucose plasma gave values of 296+114 and 1080 + 267 pg/ml, respectively (mean + SD, n = 19). Serial dilutions (from 1:2 to 1:20) of 10 plasma with high endogenous GIP were superimposable on the standard curves.
d. Calculations
The values presented are means _+ SEM. The significance of differences between two sample means was estimated by the t-test. P-values less than 0.05 were considered significant. The incretin effect was calculated from the following formula [14] : Incremental insulin area at OGTY --incremental insulin area at IVGI/incremental insulin area at IVGI. The fasting insulin concentration was used as baseline for the integration from 0 to 180 rain. Plasma GIP in the fasting state was used as baseline for the calculation of integrated GIP response from 0 to 180 min.
Results
Matching of oral and intravenous glucose concentration curves:
It was possible to match the IVGI plasma glucose to the OGTT plasma glucose in the control subjects and in the patients (Figs. 1 and 2 ). The controls received 20 + 2 g glucose and the patients 25+3 g glucose during the IVGI to match the OGTT. This difference was not statistically significant.
Plasma Glucose Concentrations
None of the subjects had a diabetic oral glucose tolerance although one of the patients (no. 9) had a borderline glucose tolerance (60 plus 120 rain sum plasma glucose: 17.7 mmol/1). Mean glucose concentrations in the fasting state were identical in patients and controls. No significant difference in mean integrated glucose response or in mean glucose concentrations was found between patients and controls, although mean glucose response to OGTY was slightly higher in the patients.
Serum Insulin Concentrations
The rise in serum insulin concentrations during OGTr was steeper in patients than in controls. In the time interval 5--40 min inclusive the mean insulin concentrations and the mean maximal insulin concentration were higher in the patients. The insulin response to IVGI was identical in patients and controls, 0.91 + 0.26 mU/ml x 180 min and 0.97 + 0.29 mU/ml x 180 min respectively. The incretin effect in patients was 4.9 + 1.0, non-significantly higher than in controls: 3.0 + 1.0.
Plasma GIP Concentrations
Peak GIP concentrations preceded peak insulin concentrations in each individual in both groups. Mean GIP concentrations were significantly elevated in the patients in the time interval 10-60 min inclusive. The integrated GIP response was 63.4 + 11.1 ng/ml x 180 min in the patients, significantly higher than in the controls: 38.4 + 6.9 ng/ml • 180 min. There was a significant positive correlation (r=0.81, p < 0.01) between integrated GIP response and integrated glucose response to OGTT in the patients (see Table 1 ), but not in the controls.
Gastric Secretory Function
No correlation was found between BAO and PAO and integrated GIP response to OGTF in the patients.
Discussion
The duodenal ulcer patients described here had normal insulin responses to intravenous glucose, in agreement with the findings of Buchanan et al. [15] and Miyoshi et al. [16] . In all subjects the insulin levels were higher after the oral glucose load than after the intravenous glucose infusion which mimicked the oral glucose tolerance curve. There was a marked increase in plasma GIP after the oral glucose load but not after the intravenous glucose load. This finding confirmed previous observations obtained by others, using a different anti-GIP serum, that oral glucose releases GIP [2] . The concept that GIP is an incretin [17] is supported by this stimulation of GIP release by oral glucose, and by the finding that the GIP and insulin responses to oral glucose were higher in patients with duodenal ulcer than in the controls.
GIP response to a mixed meal [18] and to a test meal [19] is greater in patients with duodenal ulcer disease. These findings, together with the demonstration that the GIP response to oral glucose is normal or elevated, rule out the possibility that GIP hyposecretion is a causal factor of duodenal ulcer disease. Arnold et al. [19] found that the degree of GIP response to a test meal containing 100 g glucose depended on the glucose response to the meal. In the present study there was a positive linear correlation between the GIP response and the glucose response to the oral load in duodenal ulcer patients. Examination of the data of the individual patients (Table 1) revealed that it was possible to divide the group into two: one with an integrated glucose response of < 300 mmol/1 x 180 min (which was close to that of the controls) and a second group with a response > 300 mmol/1 x 180 min. This arbitrary division gave group means for the GIP response of 39 and 100 ng/ml • 180 min respectively compared to a mean for the control group of 38. The average age of the two groups was different -36 and 55 years respectively -but the high mean age of the second group was influenced by one 71 year old patient. It can therefore be concluded that, as in Arnold's report [19] , duodenal ulcer patients may be classified as either high or normal glucose responders to oral glucose or a test meal. All of the patients reported by Arnold et al. [19] had an increased glucose response to the test meal, whereas most of the patients reported in the present study had a normal response to the oral glucose load. This difference could be due to a difference in patient material, or by our use of a small (50 g) oral glucose load, which was not large enough to expose the 'glucose intolerance' found by Arnold et al. [19] . Miyoshi et al. [16] have also found, using a 50 g load, that duodenal ulcer patients had normal glucose tolerance, whereas Humphrey et al. [20] reported that 40% of duodenal ulcer patients had reduced tolerance to an 88 g oral glucose load.
The cause of the increased glucose and GIP response to an oral load of carbohydrate is not known. It is unlikely that it is caused by a reduction in glucose disposal because tolerance to intravenous glucose is normal in duodenal ulcer patients [15, 16] . The likely cause of the high glucose and GIP response is therefore an increased glucose absorption, which may be the result of the more rapid gastric emptying known to occur in duodenal ulcer patients [21] .
It is concluded on the basis of the present work and that of Arnold et al. [19] and Cataland et al. [18] that duodenal ulcer patients have an increased GIP and glucose response to oral glucose. The degree of increase is dependent on the size of the load. The duodenal ulcer patients can probably be divided into two groups on the basis of their response to an oral load rich in carbohydrates: those with a slightly elevated glucose and GIP response and those with a markedly elevated glucose and GIP response. The clinical significance of this division remains to be established.
